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(57) ABSTRACT 

A differential amplifier comprises a left amplifier having 
transistors, a right amplifier having transistors, a negative 
feedback network having a resistor, and a negative feedback 
network having a transformer with a center tap. Phase com 
pensation networks comprising a capacitor and a resistor, a 
capacitor and a resistor, and a capacitor and a resistor are 
further added to the amplifier. Both ends of a secondary 
winding of the transformer are connected to the output termi 
nals of the right and left amplifiers, and the center tap of the 
secondary winding is grounded, so that a differential ampli 
fied output signal can be fed back to a single-phase input 
using one transformer, thereby reducing a cost and an area. 
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1. 

DIFFERENTIAL AMPLIFER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a low-noise differential 
amplifier required to have a high dynamic range at a wide 
band. 

2. Description of the Related Art 
A non-patent literature (K. van Hartingsveldt, M. H. L. 

Kouwenhoven, C. J. M. Verhoeven, “HF Low Noise Ampli 
fiers with Integrated Transformer Feedback', ISCAS 2002, 
vol. 2, pp. II-815 to II-818, May 2002) (hereinafter, non 
patent literature 1) discloses a low-noise amplification circuit 
having a duplex negative feedback network comprising a 
transformer and a resistor (Transformer Feedback Degener 
ated Low Noise Amplifier, hereinafter,TFD-LNA). The TFD 
LNA is a good circuit which can achieve all of low noise 
figure, stable gain and good input impedance matching at a 
wideband. 
A differential amplifier using the TFD-LNA is, however, 

not a well known art. 
Accordingly, a differential amplifier which maintains a low 

noise figure, a stable gain, and a good input impedance match 
ing at a wideband is expected using the TFD-LNA of non 
patent literature 1 as right side and left side amplifiers. Let us 
now think about a differential amplifier to which a phase 
compensation network is added in order to cause the amplifier 
to have a high dynamic range at a wideband with a sufficient 
stability margin. Then, a differential amplifier shown in FIG. 
12 (this amplifier is hereinafter called basic type TFD differ 
ential amplifier) can be thought out. 

FIG. 12 shows the basic type TFD differential amplifier 
having a pair of TFD-LNAS as right and left amplifiers. 
A basic type TFD differential amplifier 10 comprises sym 

metrical right and left amplifiers having a common circuit 
constant. The left amplifier of the basic type TFD differential 
amplifier 10 includes transistors 24, 27, and 31. The right 
amplifier of the basic type TFD differential amplifier includes 
transistors 54, 57, and 61. The right and left amplifiers of the 
basic type TFD differential amplifier 10 individually have 
input and output terminals. A node between a resistor 39 and 
the primary winding of a transformer 23 serves as the input 
terminal of the left amplifier, while a node between a resistor 
69 and the primary winding of a transformer 53 serves as the 
input terminal of the right amplifier. The emitter of the tran 
sistor 31 functions as the output terminal of the left amplifier, 
while the emitter of the transistor 61 functions as the output 
terminal of the right amplifier. The differential-signal input 
terminal of the basic type TFD differential amplifier 10 com 
prises the input terminal of the left amplifier and the input 
terminal of the right amplifier. The emitter of the transistor 31 
and that of the transistor 61 are a pair of right and left output 
terminals of the basic type TFD differential amplifier 10. 

According to the basic type TFD differential amplifier 10, 
a signal Source having an output impedance R of 50S2 is 
connected to the hot side of a primary winding of a balun 
transformer 12. The cold side of the primary winding of the 
balun transformer 12 is grounded. Both ends of a secondary 
winding of the balun transformer 12 are respectively con 
nected to the input terminals of the right and left amplifiers of 
the basic type TFD differential amplifier 10 through coupling 
capacitors 21, 22. The balun transformer 12 converts a single 
ended input signal into a differential signal. The turn ratio 
between the primary winding of the balun transformer 12 and 
the secondary winding thereofis, for example, 1:1. 
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2 
The hot side of the primary winding of the transformer 23 

is connected to the input terminal of the left amplifier. A 
commercially available transformer having a turn ratio of 1:2 
is used as the transformer 23. 
The cold side of the primary winding of the transformer 23 

is connected to the base of the NPN type transistor (herein 
after, simply called transistor) 24. The base of the transistor 
24 is also connected to the positive electrode of a biasing 
power source 25 through a choke coil 26. 
The collector of the transistor 24 is connected to the emitter 

of the transistor 27. The base of the transistor 27 is connected 
to the positive electrode of a biasing power source 29 through 
a phase compensation resistor 28. The resistor 28 works 
together with a capacitor 38 to be discussed later, and consti 
tutes a phase compensation circuit for performing phase com 
pensation on the left amplifier of the basic type TFD differ 
ential amplifier 10. The negative electrode of the biasing 
power source 29 is grounded. 
The transistor 24 and the transistor 27 are subjected to 

cascode connection with each other, and constitute a cascode 
amplifier having a resistor 30 as a load. The collector of the 
transistor 27 is connected to one electrode of the resistor 30 
which functions as the load device of the cascode amplifier. A 
direct-current-power-source voltage Vd1 is applied to the 
other electrode of the resistor 30. 
A node between the resistor 30 and the collector of the 

transistor 27 serves as an output node for outputting an ampli 
fied output Voltage signal of the cascode amplifier. The node 
is connected to the base of the transistor 31, i.e., the input 
terminal of an emitter follower. The transistor 31 and a con 
stant-current source 35 constitute the emitter follower, and 
works as the output buffer of the left amplifier of the basic 
type TFD differential amplifier 10. The direct-current-power 
source voltage Vd 1 is applied to the collector of the transistor 
31. The emitter of the transistor 31 is connected to one elec 
trode of the coupling capacitor 32. 
The left output terminal of the basic type TFD differential 

amplifier 10, i.e., the emitter of the transistor 31 is connected 
to the cold side of the secondary winding of the transformer 
23 through a coupling capacitor 34. An output Voltage signal 
applied to the secondary winding of the transformer 23 is 
transmitted to the primary winding of the transformer 23 by 
electromagnetic coupling, and is series-mixed with an input 
signal. This constitutes one negative feedback network in the 
basic type TFD differential amplifier 10. The emitter of the 
transistor 31 is connected to a constant-current source 35 for 
providing an operating current of the emitter follower. 
The emitter of the transistor 31 is further connected to one 

electrode of a coupling capacitor 36, one electrode of a phase 
compensation capacitor 37, and one electrode of a phase 
compensation capacitor 38. 
A resistor 39 and a coupling capacitor 36 are connected in 

series between the left output terminal of the basic type TFD 
differential amplifier 10 and the hot side of the primary wind 
ing of the transformer 23, i.e., the left signal input terminal of 
the basic type TFD differential amplifier 10. The resistor 39 
shunt-mixes a Voltage-sampled output signal with an input 
signal. This constitutes one negative feedback network in the 
basic type TFD differential amplifier 10. 
The capacitor 37 and a resistor 40 constitute a phase com 

pensation network for performing phase compensation on the 
left amplifier of the basic type TFD differential amplifier 10. 
One electrode of a capacitor 22 is connected to the hot side 

of a primary winding of a transformer 53. A commercially 
available transformer having a turn ratio of 1:2 is used as the 
transformer 53. 
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The cold side of the primary winding of the transformer 53 
is connected to the base of a transistor 54. The base of the 
transistor 54 is further connected to the positive electrode of 
a biasing power source 55 through a choke coil 56. 
The collector of the transistor 54 is connected to the emitter 

of a transistor 57. The base of the transistor 57 is connected to 
the positive electrode of a biasing power source 59 through a 
resistor 58. The resistor 58 works together with a capacitor 68 
to be discussed later, and constitutes a phase compensation 
network for performing phase compensation on the right 
amplifier of the basic type TFD differential amplifier 10. The 
negative electrode of the biasing power source 59 is 
grounded. 
The transistors 54, 57 are subjected to cascode connection 

with each other, and constitute a cascode amplifier having a 
resistor 60 as a load. The collector of the transistor 57 is 
connected to one electrode of the resistor 60 which serves as 
the load device of the cascode amplifier. The direct-current 
power-source voltage Vd 1 is applied to the other electrode of 
the resistor 60. 
A node between the resistor 60 and the collector of the 

transistor 57 serves as an output node for outputting an ampli 
fied output Voltage signal of the cascode amplifier. The node 
is connected to the base of a transistor 61, i.e., the input 
terminal of an emitter follower. The transistor 61 and a con 
stant-current source 65 constitute the emitter follower, and 
works as the output buffer of the right amplifier of the basic 
type TFD differential amplifier 10. The direct-current-power 
source voltage Vd1 is applied to the collector of the transistor 
61. The emitter of the transistor 61 is connected to one elec 
trode of a coupling capacitor 62. 
The right output terminal of the basic type TFD differential 

amplifier 10, i.e., the emitter of the transistor 61 is connected 
to the cold side of the secondary winding of the transformer 
53 through a coupling capacitor 64. An output Voltage signal 
applied to the secondary winding of the transformer 53 is 
transmitted to the primary winding of the transformer 53 by 
electromagnetic coupling, and is series-mixed with an input 
signal. This constitutes one negative feedback network in the 
basic type TFD differential amplifier 10. 

The emitter of the transistor 61 is connected to a constant 
current source 65 for providing an operating current of the 
emitter follower. 
The emitter of the transistor 61 is further connected to one 

electrode of a coupling capacitor 66, one electrode of a phase 
compensation capacitor 67, and one electrode of a phase 
compensation capacitor 68. 
A resistor 69 and the coupling capacitor 66 are connected 

in series between the right output terminal of the basic type 
TFD differential amplifier 10 and the hot side of the primary 
winding of the transformer 53, i.e., the right signal input 
terminal of the basic type TFD differential amplifier 10, and 
shunt-mix a Voltage-sampled output signal with an input sig 
nal. This constitutes one negative feedback network of the 
basic type TFD differential amplifier 10. 

The capacitor 67 and a resistor 70 constitute a phase com 
pensation network for performing phase compensation on the 
right amplifier of the basic type TFD differential amplifier 10. 
The emitters of the transistors 24, 54 are connected to the 

collector of a transistor 71. The base of the transistor 71 is 
connected to the base of a transistor 72 and the collector 
thereof, and the transistors 71, 72 constitute a current mirror 
circuit. 
The collector of the transistor 72 is connected to a constant 

current source 73. The emitter of the transistor 71 is grounded 
through a resistor 74. The emitter of the transistor 72 is 
grounded through a resistor 75. The collector current of the 
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4 
transistor 71 is controlled in such a manner as to be always 
constant by a constant-current source 73. Accordingly, the 
right and left amplifiers of the basic type TFD differential 
amplifier 10 operate in such a way that the right and left 
output signals become a balanced signal having an always 
COnStant Sun. 
The emitter of the transistor 31 and the emitter of the 

transistor 61 are a pair of differential output terminals of the 
basic type TFD differential amplifier 10. Those output termi 
nals are connected to both ends of a primary winding of a 
balun transformer 80 through coupling capacitors 32, 62. 
respectively. The hot side of a secondary winding of the balun 
transformer 80 is connected to a load 81 of, for example, 5 
kS2. The balun transformer 80 converts the differential ampli 
fied output signal of the basic type TFD differential amplifier 
10 into a single-ended signal. The turn ratio of the balun 
transformer 80 is, for example, 1:1. 

Here, an explanation will be given of a result of simulating 
the characteristic of the basic type TFD differential amplifier 
10 in a case where the balun transformers 12, 80 are ideal 
transformers having a turn ratio of 1:1. 

FIGS. 13 A to 13C show respective simulation results for a 
noise figure (NF), a reflection coefficient (S) and a trans 
mission coefficient (S) of the basic type TFD differential 
amplifier 10 shown in FIG. 12. 

It becomes clear from the simulation result that the basic 
type TFD differential amplifier 10 realizes all of sufficient 
noise figure characteristic, Sufficient input impedance char 
acteristic, and stable Voltage gain of about 7 dB at bands up to 
about 200 MHz. In a case where an actual transformer is used 
as the balun transformer 12 which converts a single-phase 
input from an antenna into a differential input, the NF value in 
a band where the amplifier can be operated within normal 
specifications deteriorates about 0.5 to 1 dB from the forego 
ing simulation result. 

FIG. 14 shows a result of simulating the third order input 
intercept point (IIP3) characteristic of the basic type TFD 
differential amplifier 10. The horizontal axis represents a 
frequency (MHz), while the vertical axis represents an IIP3 
(dBm). 

In the measurement simulation of the IIP3 characteristic, 
two tone signals each having -50 dBm power at a frequency 
differing from a measurement frequency by +10 kHz are used 
as input signals. According to the simulation, it becomes clear 
that the IIP3 greater than or equal to +45 dBm is maintained 
up to 100 MHz, and the high IIP3 greater than or equal to +25 
dBm is maintained across a wideband up to 300 MHz. 
The basic type TFD differential amplifier 10 has symmetri 

cal circuit forms. Accordingly, in an ideal condition, no even 
order distortion is present in the output signal of the basic type 
TFD differential amplifier 10. Moreover, as shown in FIGS. 
13A to 13C and FIG. 14, the basic type TFD differential 
amplifier 10 having combined TFD-LNAs can realize a high 
dynamic range at a wide band. 

However, when the basic type TFD differential amplifier 
10 which can perform differential imputing/outputting is con 
stituted using a pair of TFD-LNAs disclosed in non-patent 
literature 1, one transformer is required for the negative feed 
back network of the individual right or left amplifier, a total of 
two high-frequency transformers 23, 53 are required. More 
over, in a case where the basic type TFD differential amplifier 
10 is embedded with a radio communication device, an input 
signal from an antenna is given as a single-phase signal. 
Accordingly, as shown in FIG. 12, the high-frequency balun 
transformer 12 is generally provided ahead of the input stage 
of the differential amplifier to convert the single-phase signal 
into the differential signal. For the differential amplifier using 
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a pair of low-noise amplification circuits disclosed in non 
patent literature 1, a total of three high-frequency transform 
ers including the balun transformer 12 are required. 
The high-frequency transformers 23, 53 and the balun 

transformer 12 are relatively expensive parts, and have a large 
occupying area on a Substrate or a printed circuit board. 
Accordingly, using three high-frequency transformers is not 
desirable because of a lack of cost competence. 

Moreover, an actual transformer generates a thermal noise 
which cannot be ignored. Accordingly, when the number of 
transformer used increases, the noise figure of the basic type 
TFD differential amplifier 10 deteriorates. Therefore, it is 
desirable to reduce the number of transformers to be used in 
order to improve the noise characteristic of the basic type 
TFD differential amplifier 10. 
The basic type TFD differential amplifier 10 shown in FIG. 

12 is an example which uses cascode amplifiers. In a case 
where a basic type TFD differential amplifier comprising 
another type of amplifiers other than the cascode type is to be 
designed, three transformers are still required. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to provide 
a low-cost and small-area differential amplifier which has a 
high dynamic range at a wideband. 

To achieve the object, a differential amplifier according to 
the first aspect of the present invention comprises: 

a constant-current Source: 
a first amplification circuit which is connected to the con 

stant-current Source, allows a current in accordance with an 
input signal input from a signal input terminal to flow to a first 
load, and provides a first output signal that is generated by the 
first load in accordance with the input signal to a first output 
terminal; 

a second amplification circuit which is connected to the 
constant-current source, allows a current having a magnitude, 
acquired by Subtracting a current value flowing through the 
first load from a current value flowing through the constant 
current source, to a second load, and provides a second output 
signal generated by the second load to a second output termi 
nal; 

a transformer which has a primary winding and a second 
ary winding electromagnetically coupled to the primary 
winding, a hot side of the primary winding being connected to 
the signal input terminal, a cold side of the primary winding 
being connected to the first amplification circuit, the second 
ary winding having a center tap to which a fixed potential is 
applied, a hot side of the secondary winding being connected 
to the second output terminal, and a cold side of the secondary 
winding being connected to the first output terminal; and 

a resistor connected between the first output terminal and 
the signal input terminal. 
A first buffer may be provided between the first load and 

the first output terminal, and a second buffer may be provided 
between the second load and the second output terminal. 

The first amplification circuit may comprise: 
a first input stage transistor which has a control electrode 

and first and second conducting electrodes that change a 
conduction state by the control electrode, the first con 
ducting electrode being connected to the constant-cur 
rent Source, and the input signal being applied to the 
control electrode; and 

a first upper stage transistor which has a control electrode 
and first and second conducting electrodes that change a 
conduction state by the control electrode, the second 
conducting electrode being connected to the first load, 
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6 
the first conducting electrode being connected to the 
second conducting electrode of the first input stage tran 
sistor, so that the first upper stage transistor being con 
nected to the first input stage transistor in a cascode 
connection manner, and the second amplification circuit 
may comprise: 

a second input stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
first conducting electrode being connected to the con 
stant-current Source, and the control electrode being 
connected to a constant-Voltage source; and 

a second upper stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
second conducting electrode being connected to the sec 
ond load, the first conducting electrode being connected 
to the second conducting electrode of the second input 
state transistor, so that the second upper stage transistor 
being connected to the second input stage transistor in a 
cascode connection manner. 

The first amplification circuit and the second amplification 
circuit may have a phase compensation network. 

In this case, the phase compensation network may com 
prise: 

a first phase compensation network connected to the first 
output terminal of the first amplification circuit and the con 
trol electrode of the first upper stage transistor, 

a second phase compensation network connected to the 
first output terminal of the first amplification circuit and the 
control electrode of the first input stage transistor; and 

a third phase compensation network connected to the sec 
ond output terminal of the second amplification circuit and 
the control electrode of the second upper stage transistor. 
To achieve the object, a differential amplifier according to 

the second aspect of the present invention comprises: 
a first constant-current source: 
a second constant-current source; 
a first amplification circuit which is connected to the first 

constant-current source, allows a current in accordance with 
a first input signal input from a first signal input terminal to 
flow to a first load when a second input signal applied to a 
second input terminal is fixed, and provides a first output 
signal generated by the first load in accordance with the first 
input signal to a first output terminal; 

a second amplification circuit which is connected to the 
second constant-current source, allows a current in accor 
dance with a second input signal input from a second signal 
input terminal to flow to a second load when the first input 
signal applied to the first input terminal is fixed, and provides 
a second output signal generated by the second load in accor 
dance with the second input signal to a second output termi 
nal; 

a transformer which has a primary winding and a second 
ary winding electromagnetically coupled to the primary 
winding, a hot side of the primary winding being connected to 
the first constant-current source, a cold side of the primary 
winding being connected to the second constant-current 
Source, a hot side of the secondary winding being connected 
to the second output terminal, and a cold side of the secondary 
winding being connected to the first output terminal; 

a resistor connected between the first output terminal and 
the first signal input terminal; and 

a resistor connected between the second output terminal 
and the second signal input terminal. 
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a first buffer may be provided between the first load and the 
first output terminal, and a second buffer may be provided 
between the second load and the second output terminal. 

The first amplifier may comprise: 
a first input stage transistor which has a control electrode 

and first and second conducting electrodes that change a 
conduction state by the control electrode, the first con 
ducting electrode being connected to the first constant 
current source, and the first input signal being applied to 
the control electrode; and 

a first upper stage transistor which has a control electrode 
and first and second conducting electrodes that change a 
conduction state by the control electrode, the second 
conducting electrode being connected to the first load, 
the first conducting electrode being connected to the 
second conducting electrode of the first input stage tran 
sistor, so that the first upper stage transistor being con 
nected to the first input stage transistor in a cascode 
connection manner, and the second amplification circuit 
comprises: 

a second input stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
first conducting electrode being connected to the second 
constant-current source, and the second input signal is 
applied to the control electrode; and 

a second upper stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
second conducting electrode being connected to the sec 
ond load, the first conducting electrode being connected 
to the second electrode of the second input stage tran 
sistor, so that the second upper stage transistor being 
connected to the second input stage transistor in a cas 
code connection manner. 

The first amplification circuit and the second amplification 
circuit may have a phase compensation network. 

In this case, the phase compensation network may com 
prise: 

a first phase compensation network connected to the first 
output terminal of the first amplification circuit and the con 
trol electrode of the first upper stage transistor, 

a second phase compensation network connected to the 
first output terminal of the first amplification circuit and the 
control electrode of the first input stage transistor; 

a third phase compensation network connected to the sec 
ond output terminal of the second amplification circuit and 
the control electrode of the second upper stage transistor, and 

a fourth phase compensation network connected to the 
second output terminal of the second amplification circuit and 
the control electrode of the second input stage transistor. 

To achieve the object, a differential amplifier according to 
the third aspect of the present invention comprises: 

a first constant-current source; 
a second constant-current source: 
a first amplification circuit which is connected to the first 

constant-current Source, allows a current in accordance with 
an input signal input from a first signal input terminal to flow 
to a first load, and provides a first output signal generated by 
the first load in accordance with the input signal to a first 
output terminal; 

a second amplification circuit which is connected to the 
second constant-current source, has a second signal input 
terminal connected to a constant-Voltage source, allows an 
output current to flow to a second load, and provides a second 
output signal generated by the second load to a second output 
terminal; 
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8 
a transformer which has a primary winding and a second 

ary winding electromagnetically coupled to the primary 
winding, a hot side of the primary winding being connected to 
the first constant-current source, a cold side of the primary 
winding being connected to the second constant-current 
Source, the secondary winding having a center tap to which a 
fixed potential is applied, a hot side of the secondary winding 
being connected to the second output terminal, and a cold side 
of the secondary winding being connected to the first output 
terminal; and 

a resistor connected between the first output terminal and 
the first signal input terminal. 
A first buffer may be provided between the first load and 

the first output terminal, and a second buffer may be provided 
between the second load and the second output terminal. 
The first amplifier may comprise: 
a first input stage transistor which has a control electrode 

and first and second conducting electrodes that change a 
conduction state by the control electrode, the first con 
ducting electrode being connected to the first constant 
current source, and the input signal being applied to the 
control electrode; and 

a first upper stage transistor which has a control electrode 
and first and second conducting electrodes that change a 
conduction state by the control electrode, the second 
conducting electrode being connected to the first load, 
the first conducting electrode being connected to the 
second conducting electrode of the first input stage tran 
sistor, so that the first upper stage transistor being con 
nected to the first input stage transistor in a cascode 
connection manner, and 

the second amplification circuit may comprise: 
a second input stage transistor which has a control elec 

trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
first conducting electrode being connected to the second 
constant-current source, and the control electrode being 
connected to a constant-Voltage source; and 

a second upper stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
second conducting electrode being connected to the sec 
ond load, the first conducting electrode being connected 
to the second electrode of the second input stage tran 
sistor, so that the second upper stage transistor being 
connected to the second input stage transistor in a cas 
code connection manner. 

The first amplification circuit and the second amplification 
circuit may have a phase compensation network. 
The phase compensation network may comprise: 
a first phase compensation network connected to the first 

output terminal of the first amplification circuit and the con 
trol electrode of the first upper stage transistor, 

a second phase compensation network connected to the 
first output terminal of the first amplification circuit and the 
control electrode of the first input stage transistor; and 

a third phase compensation network connected to the sec 
ond output terminal of the second amplification circuit and 
the control electrode of the second upper stage transistor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These objects and other objects and advantages of the 
present invention will become more apparent upon reading of 
the following detailed description and the accompanying 
drawings in which: 
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FIG. 1 is a circuit diagram showing an SDTFD-LNA 
according to the first embodiment of the present invention; 

FIG. 2A is a diagram showing a simulation result of the 
noise figure (NF) of the SDTFD-LNA of the first embodi 
ment, 

FIG. 2B is a diagram showing a simulation result of the 
reflection coefficient (S) of the SDTFD-LNA of the first 
embodiment; 

FIG. 2C is a diagram showing a simulation result of the 
transmission coefficient (S) of the SDTFD-LNA of the first 
embodiment; 

FIG.3 is a diagram showing a result of measuring the third 
order input intercept point (IIP3) characteristic of the 
SDTFD-LNA of the first embodiment through a simulation: 

FIG. 4 is a diagram showing the result of simulation mea 
surement of the second order input intercept point (IIP2) 
characteristic of the SDTFD-LNA of the first embodiment: 

FIG. 5 is a circuit diagram showing a DDTFD-LNA 
according to the second embodiment of the present invention; 

FIG. 6A is a diagram showing the noise figure (NF) of the 
DDTFD-LNA of the second embodiment; 

FIG. 6B is a diagram showing the simulation result of the 
reflection coefficient (S) of the DDTFD-LNA of the second 
embodiment; 

FIG. 6C is a diagram showing the simulation result of the 
transmission coefficient (S) of the DDTFD-LNA of the 
second embodiment; 

FIG. 7 is a diagram showing the result of measuring the 
third order input intercept point (IIP3) characteristic of the 
DDTFD-LNA of the second embodiment through a simula 
tion; 

FIG. 8 is a circuit diagram showing an SDTFD-LNA 
according to the third embodiment of the present invention; 

FIG. 9A is a diagram showing the simulation result of the 
noise figure (NF) of the SDTFD-LNA of the third embodi 
ment, 
FIG.9B is a diagram showing the simulation result of the 

reflection coefficient (S) of the SDTFD-LNA of the third 
embodiment; 
FIG.9C is a diagram showing the simulation result of the 

transmission coefficient (S) of the SDTFD-LNA of the third 
embodiment; 

FIG. 10 is a diagram showing the result of measuring the 
third order input intercept point (IIP3) characteristic of the 
SDTFD-LNA of the third embodiment through a simulation; 

FIG. 11 is a diagram showing the result of measuring the 
second order input intercept point (IIP2) of the SDTFD-LNA 
of the third embodiment through a simulation; 

FIG. 12 is a circuit diagram showing a basic type TFD 
differential amplifier having TFD-LNAs used as right and left 
amplifiers; 

FIG. 13A is a diagram showing the simulation result of the 
noise figure (NF) of the basic type TFD differential amplifier; 

FIG. 13B is a diagram showing the simulation result of the 
reflection coefficient (S) of the basic type TFD differential 
amplifier, 

FIG. 13C is a diagram showing the simulation result of the 
transmission coefficient (S) of the basic type TFD differen 
tial amplifier, and 
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FIG. 14 is a diagram showing the result of measuring the 

third order input intercept point (IIP3) of the basic type TFD 
differential amplifier through a simulation. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The embodiments of the present invention will be 
explained with reference to the accompanying drawings. 

First Embodiment 

FIG. 1 is a circuit diagram showing a Single-ended input 
Differential output Transformer Feedback Degenerated Low 
Noise Amplifier (hereinafter, SDTFD-LNA) 100. 

Like the basic type TFD differential amplifier 10 shown in 
FIG. 12, the SDTFD-LNA 100 of the embodiment basically 
has a differential amplifier comprising symmetrical cascode 
amplifiers and emitter followers. However, unlike the basic 
type TFD differential amplifier 10, the negative feedback 
network of the SDTFD-LNA 100 and the phase compensa 
tion network thereofare not symmetrical. 
The left amplifier of the SDTFD-LNA 100 includes an 

input stage transistor 104, an upper stage transistor 107 and an 
output transistor 111. The right amplifier of the SDTFD-LNA 
100 includes an input stage transistor 131, an upper stage 
transistor 133 and an output transistor 137. The transistors 
104 and 107 are connected together in a cascode connection 
manner, and the transistors 131 and 133 are connected 
together in a cascode connection manner. The right and left 
amplifiers of the SDTFD-LNA 100 have individual output 
terminals. The emitter of the transistor 111 of the left ampli 
fier is the output terminal of the left amplifier, while the 
emitter of the transistor 137 of the right amplifier is the output 
terminal of the right amplifier. 

According to the SDTFD-LNA 100, a signal source 101 
having an output impedance of, for example, 5092 is con 
nected to the hot side of a primary winding of a transformer 
103, which is the signal input terminal of the SDTFD-LNA 
100, through a coupling capacitor 102. The transformer 103 is 
a transformer W/center tap having a center tap in the second 
ary winding thereof. The center tap is grounded. The number 
of turns of the secondary winding connected to the output 
terminals of the right and left amplifiers is 2 providing that the 
number of turns of the primary winding connected to the 
signal input terminal of the SDTFD-LNA 100 is 1. The volt 
age gain of the SDTFD-LNA 100 is given by N when the turn 
ratio of the transformer 103 is N. As N=2, the ideal voltage 
gain of the SDTFD-LNA 100 according to the first embodi 
ment is about 6 dB. 
The cold side of the primary winding of the transformer 

103 is connected to the base of the transistor 104. The base of 
the transistor 104 is further connected to the positive elec 
trode of a biasing power source 105 through a choke coil 106. 
The collector of the transistor 104 is connected to the 

emitter of the transistor 107. The base of the transistor 107 is 
connected to the positive electrode of a biasing power Source 
109 through a phase compensation resistor 108. The resistor 
108 works together with a capacitor 117 to be discussed later, 
and constitutes a first phase compensation network for per 
forming phase compensation on the left amplifier of the 
SDTFD-LNA 100. The negative electrode of the biasing 
power source 109 is grounded. 
The transistors 104 and 107 are connected together in a 

cascode connection manner, and constitute a cascode ampli 
fier having a resistor 110 as a load. The collector of the 
transistor 107 is connected to one electrode of the resistor 110 
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which is the load device of the cascode amplifier. A direct 
current-power-source voltage Vd1 is applied to the other elec 
trode of the resistor 110. 
A node between the resistor 110 and the collector of the 

transistor 107 serves as an output node for outputting an 
amplified output Voltage signal of the cascode amplifier. The 
node is connected to the base of the transistor 111, i.e., the 
input terminal of an emitter follower. The transistor 111 and 
a constant-current source 113 connected to the emitter of the 
transistor 111 constitute the emitter follower, and operate as 
the output buffer of the left amplifier of the SDTFD-LNA 100. 
The direct-current-power-source voltage Vd1 is applied to the 
collector of the transistor 111. The emitter of the transistor 
111 is connected to one electrode of a capacitor 112 for 
cutting off a direct current. 
The emitter of the transistor 111 is further connected to one 

electrode of a coupling capacitor 115, one electrode of a 
phase compensation capacitor 116, one electrode of a phase 
compensation capacitor 117, and one electrode of a coupling 
capacitor 120. 
The other electrode of the coupling capacitor 115 is con 

nected to the hot side of the primary winding of the trans 
former 103 through a resistor 118. The resistor 118 consti 
tutes a first negative feedback network for performing shunt 
shunt feedback from the output of the left amplifier of the 
SDTFD-LAN 100 to the single-ended input thereof. 
The other electrode of the capacitor 116 is connected to the 

base of the transistor 104 through a resistor 119. The capacitor 
116 and the resistor 119 constitute a second phase compen 
sation network for performing phase compensation on the left 
amplifier of the SDTFD-LNA 100. 
The other electrode of the capacitor 117 is connected to the 

base of the transistor 107. The capacitor 117 and the resistor 
108 constitute a first phase compensation network for per 
forming phase compensation on the left amplifier of the 
SDTFD-LNA 100. 
The other electrode of the coupling capacitor 120 is con 

nected to the cold side of a secondary winding of the trans 
former 103. The output voltage of the left amplifier applied 
between the terminal of the cold side of the secondary wind 
ing of the transformer 103 and the grounded center tap of the 
secondary winding is transmitted to the primary side by elec 
tromagnetic coupling, and is series-mixed with an input sig 
nal applied to the left amplifier. This constitutes the second 
negative feedback network of the SDTFD-LNA 100. 
The base of the transistor 131 included in the right ampli 

fier of the SDTFD-LNA 100 is connected to the positive 
electrode of a biasing power source 132. The negative elec 
trode of the biasing power source 132 is grounded. 

The collector of the transistor 131 is connected to the 
emitter of the transistor 133. The base of the transistor 133 is 
connected to the positive electrode of a biasing power Source 
135 through a resistor 134. The resistor 134 works together 
with a capacitor 140 to be discussed later, and constitutes a 
third phase compensation network for performing phase 
compensation on the right amplifier of the SDTFD-LNA 100. 
The negative electrode of the biasing power source 135 is 
grounded. 
The transistors 131 and 133 are connected together in a 

cascode connection manner, and constitute a cascode ampli 
fier having a resistor 136 as a load. The collector of the 
transistor 133 is connected to one electrode of the resistor 136 
serving as the load device of the cascode amplifier. The direct 
current-power-source voltage Vd1 is applied to the other end 
of the resistor 136. 
A node between the resistor 136 and the transistor 133 is an 

output node for outputting the amplified output Voltage signal 
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12 
of the cascode amplifier. The node is connected to the base of 
the transistor 137, i.e., the input terminal of an emitter fol 
lower. The emitter of the transistor 137 is connected to a 
constant-current source 138. The transistor 137 and the con 
stant-current source 138 constitute the emitter follower, and 
operate as the output buffer of the right amplifier of the 
SDTFD-LNA 100. The direct-current-power-source voltage 
Vd1 is applied to the collector of the transistor 137. The 
emitter of the transistor 137 is connected to one electrode of 
a coupling capacitor 139 and one electrode of a coupling 
capacitor 141. 
The other electrode of the coupling capacitor 141 is con 

nected to the hot side of the secondary winding of the trans 
former 103. The output voltage of the right amplifier applied 
between the terminal of the hot side of the secondary winding 
of the transformer 103 and the grounded center tap of the 
secondary winding is transmitted to the primary side by elec 
tromagnetic coupling, and is series-mixed with an input sig 
nal applied to the SDTFD-LAN 100. This constitutes the third 
negative feedback network of the SDTFD-LNA 100. 
The emitters of the transistors 104,131 of the right and left 

amplifiers are commonly connected to the collector of a tran 
sistor 142. The emitter of the transistor 142 is grounded 
through a resistor 143. The base of the transistor 142 is con 
nected to the emitter of a transistor 144 and the base of a 
transistor 145. The collector of the transistor 144 is connected 
to a direct-current voltage source DCS, and the direct-cur 
rent-power-source voltage Vd 1 is applied from the direct 
current voltage source DCS. The base of the transistor 144 
and the collector of the transistor 145 are connected to a 
constant-current source 146. Accordingly, the transistors 142, 
145, and 144 constitute a current mirror circuit. The emitter of 
the transistor 145 is grounded through a resistor 147. The 
current mirror circuit comprising the transistors 142,145, and 
144 operate as a constant-current source connected to the 
emitters of the transistors 104,131. 
The primary winding of a balun transformer 150 is con 

nected between the other electrode of the coupling capacitor 
112 and the other electrode of the coupling capacitor 139. The 
hot side of the secondary winding of the balun transformer 
150 is connected to a load 151 of, for example, 5 kS2. The 
balun transformer 150 converts the differential amplified out 
put signal of the SDTFD-LNA 100 into a single-phase output 
signal. The turn ratio of the balun transformer 150 is, for 
example, 1:1. 
The SDTFD-LNA 100 having the above-explained struc 

ture is provided with a negative feedback network by the 
resistor 118 and a negative feedback network by the trans 
former 103. The secondary winding of the transformer 103 is 
connected to the output terminals of the right and left ampli 
fiers of the SDTFD-LNA 100 in such a manner as to sym 
metrically cross around the grounded center tap. When an 
ideal negative feedback operation is carried out, Voltage sig 
nals applied to the secondary winding of the transformer 103. 
i.e., outputs from the right and left amplifiers become bal 
anced signals having opposite polarities to each other. By 
applying Such Voltage signals to both ends of the secondary 
winding having the center tap, a negative feedback Voltage 
signal induced to the primary winding by electromagnetic 
coupling becomes an addition of outputs of the right and left 
amplifiers having the same contribution ratio and the same 
phase. 
The hot side terminal of the primary winding of the trans 

former 103 and the cold side terminal thereofare connected to 
the single-phase signal source 101 and the input terminal of 
the left amplifier, i.e., the base of the input transistor 104, 
respectively. Such a connection allows the SDTFD-LNA 100 
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to series-mix a differential output Voltage signal with a single 
ended input signal. Accordingly, the SDTFD-LNA 100 real 
izes a negative feedback network for performing series-shunt 
feedback from a differential output to a single-phase input, 
using one transformer W/center tap. 

The resistor 118 is connected between the output terminal 
of the left amplifier of the SDTFD-LNA 100 and the signal 
input terminal of the SDTFD-LNA 100, and operates in such 
a manner as to perform shunt-shunt feedback from the output 
of the left amplifier to a single-phase input. The most appro 
priate resistance value of the feedback resistor 118 for real 
izing input impedance matching is ideally given by (N/2+1)R 
where R is an input impedance value decided as the spec. of 
the SDTFD-LNA 100, and N is the turn ratio of the trans 
former 103. 

According to the SDTFD-LNA 100, the input signal source 
impedance is set to 502. So that the most appropriate resis 
tance value of the resistor 118 is (2/2+2)x50=10092. In reality, 
however, a complete input impedance matching condition is 
not required for the spec., and the lower the resistance value of 
the resistor 118 becomes, the worse the noise figure of the 
SDTFD-LNA 100 becomes. Accordingly, the resistance 
value of the feedback resistor 118 can be set high within a 
range where the spec. is satisfied. 
The transistor 104 which is the input transistor of the left 

amplifier of the SDTFD-LNA 100 and the transistor 131 
which is the input transistor of the right amplifier constitute a 
pair of differential transistors. The operating current of the 
transistor pair is given from a current source using the tran 
sistor 142. The base of the transistor 131 has a potential fixed 
to the same potential as that of the direct-current biasing 
voltage of the transistor 104. Accordingly, single-phase sig 
nals applied to the base of the transistor 104 are amplified in 
Such a manner as to be ideally reversed phases with each other 
by the transistor 104 and the transistor 131, and output as 
collector currents, respectively. Such collector currents are 
converted into voltages by the load resistor 110 and the load 
resistor 136. The converted voltages are output through the 
output buffers of the right and left emitter followers as the 
differential output voltage signals of the SDTFD-LNA 100. 

The left amplifier of the SDTFD-LNA 100 has the first 
phase compensation network by the capacitor 117 and the 
resistor 108, the second phase compensation network by the 
capacitor 116 and the resistor 119, while the right amplifier 
has the third phase compensation network by the capacitor 
140 and the resistor 134. Those phase compensation networks 
ensures a sufficient phase compensation, so that the SDTFD 
LNA 100 can stably operate. 

Here, an explanation will be given of a result of simulating 
the characteristics of the SDTFD-LNA 100 when the trans 
former 103 is an ideal transformer having a turn ratio of 1:2. 

FIGS. 2A to 2C are diagrams respectively showing simu 
lation results of a noise figure (NF), reflection coefficient 
(S), and transmission coefficient (S) of the SDTFD-LNA 
100 of the first embodiment shown in FIG. 1. 

It becomes clear from the simulation results for the noise 
figure (NF), the reflection coefficient (S) and the transmis 
sion coefficient (S) that the SDTFD-LNA 100 of the first 
embodiment realizes a Sufficient noise figure characteristic, a 
Sufficient input impedance matching characteristic, and a 
stable voltage gain of about 8 dB up to a band of about 200 
MHz or SO. 

In the simulation for the SDTFD-LNA 100 of the first 
embodiment, an ideal transformer model is used as the trans 
former 103 W/center tap. Accordingly, when an actual trans 
former is used, the NF value generally deteriorates about 0.5 
to 1.0 dB from the value shown in FIG. 2A. 
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FIG. 3 is a diagram showing the result of measuring the 

third order input intercept point (IIP3) characteristic of the 
SDTFD-LNA 100 of the first embodiment through a simula 
tion. The horizontal axis represents a frequency (MHz), and 
the vertical axis represents an IIP3 (dBm). 

In the simulation for the IIP3 characteristic of the SDTFD 
LNA 100, two tone signals having a power of -50 dBm at a 
frequency differing +10 kHz around the measured frequency 
are used as input signals. It becomes clear from the simulation 
result that the IIP3 is maintained to greater than or equal to 
+40 dBm up to 100 MHz, and the high IIP3 greater than or 
equal to +25 dBm is realized across a wideband of up to 200 
MHZ. 

Since the SDTFD-LNA 100 of the first embodiment and 
the basic type TFD differential amplifier shown in FIG. 12 
have different circuit constants, different parts, and different 
operation conditions, the characteristics of those amplifiers 
must be carefully compared with each other. However, as is 
apparent from the simulation results shown in FIGS. 2A to 2C 
and FIG.3, the SDTFD-LNA 100 of the first embodiment has 
the same level of characteristic as that of the basic type TFD 
differential amplifier shown in FIG. 12, and realizes a low 
noise differential amplifier which can be used at a wide range 
up to about 200 MHz and which has a high dynamic range. 
The SDTFD-LNA 100 of the first embodiment can be 

realized using one high-frequency transformer. Accordingly, 
in comparison with the basic type TFD differential amplifier 
10 shown in FIG. 12, the SDTFD-LNA 100 of the first 
embodiment reduces a cost by what corresponds to two high 
frequency transformers, and reduces the Substrate or printed 
circuit board area. 

Unlike the basic type TFD differential amplifier shown in 
FIG. 12, the SDTFD-LNA 100 of the first embodiment has 
non-symmetrical right and left circuit forms, and has a single 
phase/differential signal conversion function. Accordingly, 
there is a meaningful even order distortion in an output. In 
regard to the SDTFD-LNA 100 of the first embodiment, the 
second order input intercept point (IIP2) characteristic 
thereof is measured through a simulation. 

FIG. 4 is a diagram showing the simulation result of mea 
Suring the second order input intercept point (IIP2) charac 
teristic of the SDTFD-LNA 100 of the first embodiment. The 
horizontal axis represents a frequency (MHz), and the vertical 
axis represents an IIP2 (dBm). 

In the simulation measurement of the IIP2 characteristic, 
like the case of measuring the IIP3 characteristic, two tone 
signals having a power of -50 dBm at a frequency differing 
+10 kHz around the measured frequency are used. It becomes 
clear that the SDTFD-LNA 100 maintains the IIP2 to greater 
than or equal to +70 dBm up to 100 MHz, and realizes a high 
IIP2 which is greater than or equal to +50 dBm across a 
wideband up to 200 MHz. 
The SDTFD-LNA 100 of the first embodiment performs 

negative feedback on a differential output using the trans 
former 103 w/center tap. Accordingly, the balancing of a 
differential output signal is enhanced. Therefore, in compari 
son with a single-phase input/single-phase output type TFD 
LNA having the similar feedback loop gain, the SDTFD 
LNA 100 of the first embodiment can obtain a differential 
amplified output signal having a high IIP2 value with respect 
to a single-phase input signal. 

Note that the SDTFD-LNA 100 employs differential cas 
code amplifiers in which the transistors 104 and 107 are 
connected together in a cascode connection manner and the 
transistors 131 and 133 are connected together in a cascode 
connection manner. The present invention is, however, not 
limited to this case, and for example, the invention can 
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employ a structure that omits the transistors 107 and 133 and 
cascode connection. Moreover, the SDTFD-LNA 100 of the 
first embodiment employs a structure that the transistor 111 
and the current source 113 constitute the emitter follower for 
the left amplifier, and the transistor 137 and the current source 5 
138 constitute the emitter follower for the right amplifier, and 
the SDTFD-LNA 100 has buffers for output signals of the 
right and left amplifiers. The present invention is not limited 
to this case, and it is expected that the SDTFD-LNA 100 
having no buffer can achieve the same effect. 10 

Second Embodiment 

FIG.5 shows a Differential input Differential output Trans 
former Feedback Degenerated Low Noise Amplifier (herein- 15 
after, DDTFD-LNA) 200 according to the second embodi 
ment of the invention. 

Since the SDTFD-LNA 100 of the first embodiment has 
non-symmetrical right and left circuit structures, there 
appears a slight even order distortion even if in an ideal 20 
condition. The DDTFD-LNA 200 of the Second embodiment 
has a circuit structure which completely suppresses any even 
order distortion. 
The DDTFD-LNA 200 comprises right and left amplifiers 

having the same circuit constant and symmetrical with each 25 
other. The left amplifier of the DDTFD-LNA 200 includes an 
input stage transistor 205, an upper stage transistor 208 and an 
output transistor 212, and the right amplifier includes an input 
stage transistor 235, an upper stage transistor 238, and an 
output transistor 242. The right and left amplifiers of the 30 
DDTFD-LNA 200 have individual input/output terminals. 
The base of the transistor 205 serves as the input terminal of 
the left amplifier, the base of the transistor 235 serves as the 
input terminal of the right amplifier, the emitter of the tran 
sistor 212 serves as the output terminal of the left amplifier, 35 
and the emitter of the transistor 242 serves as the output 
terminal of the right amplifier. 

According to the DDTFD-LNA 200, a signal source 201 
having an output impedance R of 5092 is connected to the hot 
side of a primary winding of a balun transformer 202. The 40 
cold side of the primary winding of the balun transformer 202 
is grounded. The hot side of a secondary winding of the balun 
transformer 202 is connected to the base of the transistor 205, 
which serves as the input terminal of the left amplifier of the 
DDTFD-LNA 200, through a coupling capacitor 203. The 45 
cold side of the secondary winding of the balun transformer 
202 is connected to the base of the transistor 235, which 
serves as the input terminal of the right amplifier of the 
DDTFD-LNA 200, through a coupling capacitor 204. The 
balun transformer 202 converts a single-phase input signal 50 
into a differential signal. The turn ratio between the primary 
winding and the secondary winding is, for example, 1:1. 

The base of the transistor 205 is further connected to the 
positive electrode of a biasing power source 206 through a 
choke coil 207. The negative electrode of the biasing power 55 
source 206 is grounded. The collector of the transistor 205 is 
connected to the emitter of the transistor 208. The base of the 
transistor 208 is connected to the positive electrode of a 
biasing power source 210 through a phase compensation 
resistor 209. The resistor 209 works together with a capacitor 60 
218 to be discussed later, and constitutes a first phase com 
pensation network for performing phase compensation on the 
left amplifier of the DDTFD-LNA 200. The negative elec 
trode of the biasing power source 210 is grounded. 

The transistors 205 and 208 are connected together in a 65 
cascode connection manner, and constitute a cascode ampli 
fier having a resistor 211 as a load. The collector of the 

16 
transistor 208 is connected to one electrode of the resistor 211 
which serves as the load device of the cascode amplifier. A 
direct-current-power-source voltage Vd1 is applied to the 
other electrode of the resistor 211. 
A node between the resistor 211 and the collector of the 

transistor 208 serves as an output node for outputting an 
amplified output Voltage signal of the cascode amplifier. The 
node is connected to the base of the transistor 212, i.e., the 
input terminal of an emitter follower. The transistor 212 is 
connected to a constant-current source 214, and the transistor 
212 and the constant-current source 214 constitute the emitter 
follower, and operate as an output buffer of the left amplifier 
of the DDTFD-LNA 200. The constant-current Source 214 
gives an operating current to the emitter follower. 
The direct-current-power-source voltage Vd 1 is applied to 

the collector of the transistor 212. The emitter of the transistor 
212 is further connected to one electrode of a coupling capaci 
tor 215, one electrode of a coupling capacitor 216, one elec 
trode of a phase compensation capacitor 217, and one elec 
trode of a phase compensation capacitor 218. 
A resistor 219 is connected between the other electrode of 

the coupling capacitor 215 and the base of the transistor 205. 
That is, the coupling capacitor 215 and the resistor 219 are 
connected in series between the output terminal of the left 
amplifier of the DDTFD-LNA 200 and the input terminal of 
the left amplifier of the DDTFD-LNA 200, and constitute a 
first negative feedback network for performing shunt-shunt 
feedback from the output of the left amplifier to the input 
thereof. 
A resistor 220 is connected between the other electrode of 

the capacitor 217 and the base of the transistor 205. The 
capacitor 217 and the resistor 220 constitute a second phase 
compensation network for performing phase compensation 
on the left amplifier of the DDTFD-LNA 200. 
The other electrode of the capacitor 218 is connected to the 

base of the transistor 208. The capacitor 218 and the resistor 
209 constitute a first phase compensation network for per 
forming phase compensation on the left amplifier of the 
DDTFD-LNA 200. 
The emitter of the transistor 205 is connected to the col 

lector of the transistor 221. The emitter of the transistor 221 is 
grounded through a resistor 222. The transistor 221 functions 
as a constant-current source for providing an operating cur 
rent to the transistor 205. 
The base of the transistor 235 of the right amplifier of the 

DDTFD-LNA 200 is connected to the positive electrode of a 
biasing power source 236 through a choke coil 237. The 
negative electrode of the biasing power source 236 is 
grounded. The collector of the transistor 235 is connected to 
the emitter of the transistor 238. The base of the transistor 238 
is connected to the positive electrode of a biasing power 
source 240 through a phase compensation resistor 239. The 
resistor 239 works together with a capacitor 248 to be dis 
cussed later, and constitutes a third phase compensation net 
work for performing phase compensation on the right ampli 
fier of the DDTFD-LNA 200. The negative electrode of the 
biasing power source 240 is grounded. 
The transistors 235 and 238 are connected together in a 

cascode connection manner, and constitute a cascode ampli 
fier having a resistor 241 as a load. The collector of the 
transistor 238 is connected to one electrode of the resistor 241 
which serves as the load device of the cascode amplifier. The 
direct-current-power-source voltage Vd1 is applied to the 
other electrode of the resistor 241. 
A node between the resistor 241 and the collector of the 

transistor 238 serves as an output node for outputting the 
amplified output Voltage signal of the cascode amplifier. The 
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node is connected to the base of the transistor 242 which 
functions as the input terminal of the emitter follower. The 
transistor 242 is connected to a constant-current Source 244. 
The transistor 242 and the constant-current Source 244 con 
stitute the emitter follower, and work as the output buffer of 
the right amplifier of the DDTFD-LNA 200. The constant 
current Source 244 provides the operating current of the emit 
ter follower. 

The direct-current-power-supply voltage Vd1 is applied to 
the collector of the transistor 242. The emitter of the transistor 
242 is further connected to one electrode of a coupling capaci 
tor 245, one electrode of a coupling capacitor 246, one elec 
trode of a phase compensation capacitor 247, and one elec 
trode of a phase compensation capacitor 248. 
A resistor 249 is connected between the other electrode of 

the coupling capacitor 245 and the base of the transistor 235. 
That is, the coupling capacitor 245 and the resistor 249 are 
connected in series between the output terminal of the right 
amplifier of the DDTFD-LNA 200 and the input terminal of 
the right amplifier of the DDTFD-LNA 200, and constitute a 
second negative feedback network for performing shunt 
shunt feedback from the output of the right amplifier to the 
input thereof. 
A resistor 250 is connected between the other electrode of 

the capacitor 247 and the base of the transistor 235. The 
capacitor 247 and the resistor 250 constitute a fourth phase 
compensation network for performing phase compensation 
on the right amplifier of the DDTFD-LNA 200. 
The other electrode of the capacitor 248 is connected to the 

base of the transistor 238. The capacitor 248 and the resistor 
239 constitute a third phase compensation network for per 
forming phase compensation on the right amplifier of the 
DDTFD-LNA 200. 
The emitter of the transistor 235 is connected to the col 

lector of the transistor 251. The emitter of the transistor 251 is 
grounded through a resistor 252. The transistor 251 functions 
as a constant-current source for providing the operating cur 
rent of the transistor 235. 

The base of the transistor 221 of the left amplifier of the 
DDTFD-LNA 200 and the base of the transistor 251 of the 
right amplifier are connected to the emitter of the transistor 
253 and the base of the transistor 254, respectively. 
The collector of the transistor 253 is connected to a direct 

current voltage source DCS, and the direct-current-power 
source Voltage Vd1 is applied from the direct-current voltage 
source DCS. The base of the transistor 253 and the collector 
of the transistor 254 are connected to a constant-current 
source 255. The emitter of the transistor 254 is grounded 
through a resistor 256. 

The other electrode of the capacitor 216 which has one end 
connected to the output terminal of the left amplifier is con 
nected to the cold side of a secondary winding of a trans 
former 260. The other electrode of the capacitor 246 which 
has one end connected to the output terminal of the right 
amplifier is connected to the hot side of the secondary wind 
ing of the transformer 260. The hot side of a primary winding 
of the transformer 260 is connected to the emitter of the 
transistor 205. The cold side of the primary winding of the 
transformer 260 is connected to the emitter of the transistor 
235 of the right amplifier. The transformer 260 constitutes a 
third negative feedback network which performs series-shunt 
feedback from the differential output of the DDTFD-LNA 
200 to the differential input thereof. The transformer 260 is a 
general high-frequency transformer which can be easily 
obtained in markets. The turn ratio of the transformer 260 is, 
for example, 1:2. 
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The primary winding of a balun transformer 270 is con 

nected between the other electrode of the coupling capacitor 
213 and the other electrode of the coupling capacitor 243. The 
hot side of a secondary winding of the balun transformer 270 
is connected to a load 271 of, for example, 5 kS2. The balun 
transformer 270 converts the differential amplified output 
signal of the DDTFD-LNA 200 into a single-phase output 
signal. The turn ratio of the balun transformer 270 is, for 
example, 1:1. 
As explained above, like the basic type TFD differential 

amplifier 10 shown in FIG. 12, the DDTFD-LNA 200 of the 
embodiment is a differential amplifier basically comprising 
the symmetrical differential cascode amplifiers and the emit 
ter followers. The operating current of the differential tran 
sistor pair, comprising the transistor 24 and the transistor 54. 
of the basic type TFD differential amplifier 10 is provided 
from one constant-current source comprising one transistor 
71. In contrast, the operating currents of the differential tran 
sistor pair, comprising the transistor 205 and the transistor 
235, of the DDTFD-LNA 200 of the embodiment are respec 
tively provided from two right and left constant-current 
Sources each comprising the transistor 221 or the transistor 
251. 
The transistor 205 which is the input transistor of the left 

amplifier of the DDTFD-LNA 200 and the transistor 235 
which is the input transistor of the right amplifier constitute a 
differential transistor pair in which respective emitters are 
connected together through the primary winding of the trans 
former 260. A differential input voltage applied between the 
base of the transistor 205 and the base of the transistor 235 is 
amplified by the transistor 205 and the transistor 235, and 
output as individual collector currents. Such collector cur 
rents are converted to voltages by the load resistor 211 and the 
load resistor 241. The converted voltages are output as the 
differential output voltage signals of the DDTFD-LNA 200 
through the output buffers comprising the right and left emit 
ter followers. 

According to the basic type TFD differential amplifier 10, 
the primary winding of the transformer 23 is connected 
between the left input terminal of the differential cascode 
amplifier, i.e., the base of the transistor 24 and the left signal 
input terminal of the basic type TFD differential amplifier 10. 
Moreover, according to the basic type TFD differential ampli 
fier 10, the primary winding of the transformer 53 is con 
nected between the right input terminal of the differential 
cascode amplifier, i.e., the base of the transistor 54 and the 
right signal input terminal of the basic type TFD differential 
amplifier 10. 

In contrast, according to the DDTFD-LNA 200 of the 
second embodiment, the primary winding of the transformer 
260 which functions as a feedback network is connected to 
the coupling part of the differential transistor pair, i.e., 
between the emitter of the transistor 205 and the emitter of the 
transistor 235. 
The voltage gain of the DDTFD-LNA 200 is given by N 

when the turn ratio of the transformer 260 is N. As N=2, the 
ideal voltage gain of the DDTFD-LNA 200 is about 6 dB. 
The secondary winding of the transformer 260 is sym 

metrically connected to the output terminals of the right and 
left amplifiers in a crossing manner. Accordingly, the differ 
ential output Voltage signal of the right and left amplifiers 
applied to the secondary winding of the transformer 260 is 
transmitted to the primary side by electromagnetic coupling. 
A signal having the same phase as that of a differential input 
signal is induced to the primary winding of the transformer 
260. In a case where the DDTFD-LNA 200 uses a transformer 
which has a center tap at the secondary winding is used as the 
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transformer 260 and the center tap is grounded, almost the 
same negative feedback operation is carried out as the case of 
using a transformer having no center tap. Accordingly, 
regardless of the presence/absence of a center tap, it is pos 
sible to realize the DDTFD-LNA having the same character 
istic. 
The primary winding of the transformer 260 is connected 

between the connection terminals of the differential input 
transistor pair, i.e., between the emitter of the transistor 205 
and the emitter of the transistor 235. The transformer 260 
operates in Such away that a differential output signal applied 
to the secondary winding is Voltage sampled and series-mixed 
with a differential input signal. As explained above, accord 
ing to the DDTFD-LNA 200 of the second embodiment, a 
negative feedback network for performing series-shunt feed 
back from the differential output to the differential input is 
realized using one transformer 260. 
The resistor 219 of the DDTFD-LNA 200 is connected 

between the output terminal of the left amplifier of the 
DDTFD-LNA 200 and the input terminal of the left amplifier. 
The resistor 219 operates in such a manner as to perform 
shunt-shunt feedback from the output of the left amplifier to 
the input thereof. Likewise, the resistor 249 is connected 
between the output terminal of the right amplifier of the 
DDTFD-LNA 200 and the input terminal of the right ampli 
fier. The resistor 249 operates in such a manner as to perform 
shunt-shunt feedback from the output of the right amplifier to 
the input thereof. 

The most appropriate values of the feedback resistors 219 
and 249 in order to realize an input impedance matching 
condition are ideally given by (N+1)xR/2, where R is a dif 
ferential input impedance determined as the spec. of the 
DDTFD-LNA 200 and N is the turn ratio of the transformer 
260. According to the DDTFD-LNA 200, the input signal 
source impedance is set to 5092, and the turn ratio of the balun 
transformer 202 which converts a single-phase input signal to 
a differential input signal is 1:1. Therefore, the spec. value of 
the differential input impedance is 502. At this time, the most 
appropriate values of the feedback resistors 219 and 249 are 
(2+1)x50/2=75S2. 

However, a complete input impedance matching condition 
is not required for the practical spec. Moreover, the lower the 
values of the feedback resistors 219 and 249 are, the worse the 
noise figure of the DDTFD-LNA 200 becomes. Accordingly, 
the values of the feedback resistors 219 and 249 may be set 
high within a range where the spec. is satisfied. 

According to the DDTFD-LNA 200, the first phase com 
pensation network comprised of the capacitor 218 and the 
resistor 209, and the second phase compensation network 
comprised of the capacitor 217 and the resistor 220 are con 
nected to the left amplifier. The third phase compensation 
network comprised of the capacitor 248 and the resistor 239 
and the fourth phase compensation network comprised of the 
capacitor 247 and the resistor 250 are connected to the right 
amplifier. Those phase compensation networks ensure a Suf 
ficient phase margin for the right and left amplifiers, so that 
the DDTFD-LNA 200 stably operates. 

Next, an explanation will be given of results of simulating 
the characteristics of the DDTFD-LNA 200 under a condition 
that a commercially available high-frequency transformer 
having a turn ratio of 1:2 was used as the transformer 260 and 
the DDTFD-LNA 200 was set to operate at the same con 
sumption current as the basic type TFD differential amplifier 
10 with the same power source voltage. 

FIGS. 6A to 6C are diagrams showing the simulation 
results of a noise figure (NF) of the DDTFD-LNA 200 of the 
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second embodiment, a reflection coefficient (S) thereof and 
a transmission coefficient (S) thereof. 

It becomes clear from the simulation results of the noise 
figure (NF), the reflection coefficient (S) and the transmis 
sion coefficient (S) that the DDTFD-LNA 200 simulta 
neously achieves a Sufficient noise figure characteristic, a 
Sufficient input impedance matching characteristic, and a 
stable voltage gain of about 7 dB at a band up to about 300 
MHZ. 

FIG. 7 is a diagram showing the result of measuring the 
third order input intercept point (IIP3) characteristic of the 
DDTFD-LNA 200 of the second embodiment through a 
simulation. Note that the horizontal axis represents a fre 
quency (MHz), and the vertical axis represents an IIP3 
(dBm). 

In the simulation for the IIP3 characteristic of the DDTFD 
LNA 200, two tone signals having a power of -50 dBm at a 
frequency differing +10 kHz from a measured frequency 
were used. It becomes clear from the simulation result that the 
IIP3 is maintained at greater than or equal to +40 dBm up to 
100 MHz, and the high IIP3 which is greater than or equal to 
+25 dBm is realized across a wideband up to 300 MHz. 
As explained above, according to the DDTFD-LNA 200 of 

the second embodiment, almost the same performance as that 
of the basic type TFD differential amplifier 10 needing two 
high-frequency transformers is achieved by merely using one 
high-frequency transformer. Accordingly, by employing the 
structure of the DDTFD-LNA 200, a wideband low noise 
amplifier having a high dynamic range can be realized at a 
lower cost and with a smaller substrate or printed circuit 
board area than conventional technologies. In comparison 
with the SDTFD-LNA 100 of the first embodiment, the 
DDTFD-LNA 200 of the Second embodiment increases the 
number of transformer used by one. However, the DDTFD 
LNA 200 has symmetrical circuit forms. Therefore, in an 
ideal case, the DDTFD-LNA 200 can completely suppress 
any even-order distortion in an output signal. 

Although the explanation has been given of a case where 
the differential cascode amplifier is an example, various 
changes and modifications are possible. For example, differ 
ential amplifiers of other structures may be used instead of the 
cascode amplifier. Moreover, a circuit which omits an output 
buffer may be employed. In such cases, the number of high 
frequency transformers to be used can be reduced. Accord 
ingly, cost reduction, area reduction, and high density inte 
gration can be achieved. 

Third Embodiment 

FIG. 8 is a diagram showing an SDTFD-LNA300 of the 
third embodiment. 

Like the basic type TFD differential amplifier 10 of FIG. 
12, the SDTFD-LNA300 is a differential amplifier basically 
comprising symmetrical differential cascode amplifiers and 
emitter followers. However, the negative feedback networks 
of the SDTFD-LNA 300 and the phase compensation net 
works thereofare non symmetrical. In the SDTFD-LNA 100 
of the first embodiment, the negative feedback network com 
prised of the transformer 103 and the negative feedback net 
work comprised of the resistor 118 are both connected to the 
signal input terminal of the SDTFD-LNA 100. In contrast, in 
the SDTFD-LNA 300 of the third embodiment, a negative 
feedback network is constituted by a transformer 350. This 
negative feedback network is connected to a coupling point of 
a differential transistor pair like the DDTFD-LNA 200 of the 
second embodiment, and only a negative feedback network 
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comprised of a resistor 317 is connected to the signal input 
terminal of the SDTFD-LNA 300. 

The left amplifier of the SDTFD-LNA 300 includes an 
input stage transistor 303, an upper stage transistor 306 and an 
output transistor 310. The right amplifier of the SDTFD-LNA 
300 includes an input stage transistor 331, an upper stage 
transistor 333 and an output transistor 337. The signal input 
terminal of the SDTFD-LNA 300 is a node between the 
resistor 317 and the base of the transistor 303. The output 
terminal of the left amplifier of the SDTFD-LNA300 is the 
emitter of the transistor 310. The output terminal of the right 
amplifier is the emitter of the transistor 337. 

In the SDTFD-LNA 300, a signal source 301 having an 
output impedance R of, for example, 5092 is connected to the 
base of the transistor 303, which serves as the signal input 
terminal of the SDTFD-LNA300, through a coupling capaci 
tor 302. The base of the transistor 303 is further connected to 
the positive electrode of a biasing power source 304 through 
a choke coil 305. 
The collector of the transistor 303 is connected to the 

emitter of the transistor 306. The base of the transistor 306 is 
connected to the positive electrode of a biasing power Source 
308 through a phase compensation resistor 307. The resistor 
307 works together with a capacitor 315 to be discussed later, 
and constitutes a first phase compensation network which 
performs phase compensation on the left amplifier of the 
SDTFD-LNA 300. The negative electrode of the biasing 
power source 308 is grounded. 
The transistors 303 and 306 are connected together in a 

cascode connection manner, and constitute a cascode ampli 
fier having a resistor 309 as a load. The collector of the 
transistor 306 is connected to one electrode of the resistor 309 
which serves as the load device of the cascode amplifier. A 
direct-current-power-source Voltage Vd1 is applied to the 
other electrode of the resistor 309. 
A node between the resistor 309 and the collector of the 

transistor 306 serves as an output node for outputting the 
amplified output Voltage signal of the cascode amplifier. This 
node is connected to the base of the transistor 310, i.e., the 
input terminal of an emitter follower. The emitter of the 
transistor 310 is connected to one electrode of a coupling 
capacitor 311 and a constant-current source 312. The transis 
tor 310 and the constant-current source 312 connected to the 
emitter thereof constitute the emitter follower, and operate as 
the output buffer of the left amplifier of the SDTFD-LNA300. 
The direct-current-power-source voltage Vd1 is applied to the 
collector of the transistor 310. 
The emitter of the transistor 310 is further connected to one 

electrode of a coupling capacitor 313, one electrode of a 
phase compensation capacitor 314, one electrode of a phase 
compensation capacitor 315, and one electrode of a coupling 
capacitor 316. 
The other electrode of the coupling capacitor 313 is con 

nected to the base of the transistor 303, which serves as the 
signal input terminal of the SDTFD-LNA 300, through the 
resistor317. The resistor 317 constitutes a first negative feed 
back network for the left amplifier of the SDTFD-LNA300. 

The other electrode of the capacitor 314 is connected to the 
base of the transistor 303 through a resistor 318. The capacitor 
314 and the resistor 318 constitute a second phase compen 
sation network for performing phase compensation on the left 
amplifier of the SDTFD-LNA300. 
The other electrode of the capacitor 315 is connected to the 

base of the transistor 306. The capacitor 315 and the resistor 
307 constitute a first phase compensation network for per 
forming phase compensation on the left amplifier of the 
SDTFD-LNA3OO. 
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The emitter of the transistor 303 is connected to the col 

lector of the transistor 321, and the emitter of the transistor 
321 is grounded through a resistor 322. The transistor 321 
serves as a constant-current source for Supplying an operating 
current to the transistor 303. 
On the other hand, the base of the transistor 331 included in 

the right amplifier of the SDTFD-LNA 300 is connected to 
the positive electrode of a biasing power source 332. The 
negative electrode of the biasing power source 332 is 
grounded. 
The collector of the transistor 331 is connected to the 

emitter of the transistor 333. The base of the transistor 333 is 
connected to the positive electrode of a biasing power Source 
335 through a resistor 334. The resistor 334 works together 
with a capacitor 340 to be discussed later, and constitutes a 
third phase compensation network for performing phase 
compensation on the right amplifier of the SDTFD-LNA300. 
The negative electrode of the biasing power source 335 is 
grounded. 
The transistors 331 and 333 are connected together in a 

cascode connection manner, and constitute a cascode ampli 
fier having a resistor 336 as a load. The collector of the 
transistor 333 is connected to one electrode of the resistor 336 
which serves as the load device of the cascode amplifier. The 
direct-current-power-source voltage Vd1 is applied to the 
other electrode of the resistor 336. 
A node between the resistor 336 and the collector of the 

transistor 333 serves as an output node for outputting the 
amplified output Voltage signal of the cascode amplifier. This 
node is connected to the base of the transistor 337, i.e., the 
input terminal of an emitter follower. The emitter of the 
transistor 337 is connected to a constant-current source 338, 
and one electrode of a coupling capacitor 339. The transistor 
337 and the constant-current source 338 constitute the emitter 
follower, and operate as the output buffer of the right ampli 
fier of the SDTFD-LNA 300. The direct-current-power 
source voltage Vd 1 is applied to the collector of the transistor 
337. 
The emitter of the transistor 331 is connected to the col 

lector of the transistor 342, and the emitter of the transistor 
342 is grounded through a resistor 343. The transistor 331 
serves as a constant-current source for providing an operating 
current to the transistor 331. 
The base of the transistor 321 of the left amplifier of the 

SDTFD-LNA 300 and the base of the transistor 342 of the 
right amplifier are connected to the emitter of the transistor 
344 and the base of the transistor 345. 
The collector of the transistor 344 is connected to a direct 

current voltage source DCS, and the direct-current voltage 
Source DCS applies the direct-current-power-source Voltage 
Vd1. The base of the transistor 344 and the collector of the 
transistor 345 are connected to a constant-current source 346. 
The emitter of the transistor 345 is grounded through a resis 
tor 347. 
The other electrode of the coupling capacitor 316 having 

one electrode connected to the output terminal of the left 
amplifier is connected to the cold side of a secondary winding 
of the transformer 350. The other electrode of the coupling 
capacitor 341 having one electrode connected to the output 
terminal of the right amplifier is connected to the hot side of 
a secondary winding of the transformer 350. The transformer 
350 is a transformer having a center tap. The secondary wind 
ing of the transformer 350 is provided with an intermediate 
tap. The intermediate tap is grounded. 
The hot side of a primary winding of the transformer 350 is 

connected to the emitter of the transistor 303 of the left 
amplifier. The cold side of the primary winding of the trans 
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former 350 is connected to the emitter of the transistor 331 of 
the right amplifier. The transformer 350 constitutes one of the 
feedback networks of the SDTFD-LNA300. The transformer 
350 is a commercially available general high-frequency 
transformer w/center tap. The turn ratio of the transformer 
350 is, for example, 1:2. 

According to the SDTFD-LNA 300 having the above 
explained structure, like the DDTFD-LNA 200 of the second 
embodiment, the operating currents of a differential transistor 
pair comprised of the transistors 303 and 331 are separately 
provided from two right and left constant-current sources 
comprised of the transistors 321 and 342. 

Moreover, according to the SDTFD-LNA 300, like the 
DDTFD-LNA 200, the primary winding of the transformer 
350 is connected to a coupling part of the differential transis 
tor pair, i.e., between the emitter of the transistor 303 and the 
emitter of the transistor 331. 

Further, in regard to the turn ratio N of the transformer 350 
w/center tap used in the SDTFD-LNA300, when the primary 
winding connected between the emitters of the transistors 
303, 331 is 1, the secondary winding connected to the output 
terminals of the right and left amplifiers is 2. The Voltage gain 
of the SDTFD-LNA300 is ideally given by N when the turn 
ratio of the transformer 350 is N. The voltage gain of the 
SDTFD-LNA300 is ideally about 6 dB. 
The secondary winding of the transformer 350 is sym 

metrically connected to the output terminals of the right and 
left amplifiers in a crossing manner around the center tap. At 
this time, the output Voltage signals applied to the secondary 
winding of the transformer 350 become balanced signals 
having opposite polarities to each other when an ideal nega 
tive feedback operation is carried out. By applying such volt 
age signals to both ends of the secondary winding having the 
center tap, a feedback Voltage signal induced to the primary 
winding by electromagnetic coupling becomes the Sum of the 
outputs of the right and left amplifiers added together at the 
same contribution ratio and at the same phase. The hot side 
terminal of the primary winding of the transformer 350 and 
the cold side terminal thereof are connected to the emitter of 
the input transistor 303 of the left amplifier and the emitter of 
the input transistor 331 of the right amplifier, respectively. 
Accordingly, the SDTFD-LNA 300 series-mixes the feed 
back signal induced in the primary winding with the single 
phase input signal applied to the differential transistor pair. 
As explained above, according to the SDTFD-LNA300, a 

negative feedback network for performing series-shunt feed 
back from the differential output to single-phase input is 
realized using one transformer 350 having the center tap. 
The resistor 317 constituting the negative feedback net 

work is connected between the output terminal of the left 
amplifier of the SDTFD-LNA300 and the signal input termi 
nal thereof The resistor 317 operates in such a way that 
shunt-shunt feedback is performed from the output of the left 
amplifier of the SDTFD-LNA300 to the input thereof. The 
most appropriate resistance value of the feedback resistor317 
to realize input impedance matching is ideally given by (N/2+ 
1)xR, where R is an input impedance value determined as the 
spec. of the SDTFD-LNA300 and N is the turn ratio of the 
transformer 350. According to the SDTFD-LNA 300, the 
input signal Source impedance is 5092, so that the most appro 
priate resistance value of the resistor 317 becomes (2/2+1)x 
50=10092. However, a complete input impedance matching 
condition is not required in practice on the spec. Moreover, 
the lower the resistance value of the feedback resistor 317 
becomes, the worse the noise figure of the SDTFD-LNA300 
becomes. Therefore, for the SDTFD-LNA 300 of the third 
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embodiment, the resistance value of the feedback resistor317 
may be set high within a range where the spec. is satisfied. 
The transistor 303 which is the input transistor of the left 

amplifier of the SDTFD-LNA 300 and the transistor 331 
which is the input transistor of the right amplifier constitute 
the differential transistor pair. The base of the transistor 331 is 
fixed to have the same potential as that of the direct-current 
biasing voltage of the transistor 303. The emitters of the 
transistor 303 and the transistor 331 are connected through 
the primary winding of the transformer 350 having the center 
tap. Accordingly, by the transistors 303 and 331, single-phase 
signals applied to the base of the transistor 303 are amplified 
in Such a manner as to be ideally reversed phase with each 
other, and output as respective collector currents. Those col 
lector currents are converted into Voltages by the load resis 
tors 309 and 336. The converted voltages are output as dif 
ferential output voltage signals of the SDTFD-LNA 300 
through the output buffers comprised of the right and left 
emitter followers. 
The left amplifier of the SDTFD-LNA 300 has the first 

phase compensation network comprised of the capacitor 315 
and the resistor 307, and the second phase compensation 
network comprised of the capacitor 314 and the resistor 318. 
The right amplifier of the SDTFD-LNA300 has only the third 
phase compensation network comprised of the capacitor 340 
and the resistor 334. Such phase compensation networks 
enable the SDTFD-LNA300 to operate stably. 
The SDTFD-LNA300 is realized with a simple modifica 

tion that the negative feedback network comprised of the 
resistor 249 and the phase compensation network comprised 
of the capacitor 247 and the resistor 250 are removed from the 
base of the right transistor 235 of the differential transistor 
pair of the DDTFD-LNA 200 of the second embodiment, the 
choke coil connected to the biasing direct-current power 
Source 236 is shorted, and a single-phase input signal source 
is connected to the left signal input terminal of the DDTFD 
LNA 200. That is, the SDTFD-LNA300 of the third embodi 
ment has a high similarity to the DDTFD-LNA 200 of the 
second embodiment. The DDTFD-LNA 200 operates with 
out any problems when the transformer 350 having the center 
tap replaces the transformer 260, like the SDTFD-LNA300 
of the third embodiment. Accordingly, by preparing an inte 
grated circuit or a discrete circuit common to both DDTFD 
LNA 200 and SDTFD-LNA 300 at the same layout, it is 
possible to realize a versatile high dynamic range wideband 
differential output low noise amplifier which satisfies both 
single-phase input and differential input requirements. 

Let us suppose that the transformer 350 is an ideal trans 
former having a turn ratio of 1:2, and the SDTFD-LNA300 is 
setto operate with the same consumption current as that of the 
SDTFD-LNA 100 of the first embodiment by the same power 
source voltage as that of the SDTFD-LNA 100. The simula 
tion results of the characteristics of the SDTFD-LNA 300 
using the same kinds of transistors will now be explained. 

FIGS. 9A to 9C are diagrams showing the simulation 
results for a noise figure (NF) of the SDTFD-LNA300 of the 
third embodiment shown in FIG. 8, a reflection coefficient 
(S), and a transmission coefficient (S). 

It becomes clear from the simulation results for the noise 
figure (NF), the reflection coefficient (S) and the transmis 
sion coefficient (S) that the SDTFD-LNA300 of the third 
embodiment realizes a Sufficient noise figure characteristic, a 
Sufficient input impedance matching characteristic, and a 
stable voltage gain of about 8 dB at a band up to about 100 
MHZ. 

In the simulation for the SDTFD-LNA 300 of the third 
embodiment, an ideal transformer model is used as the trans 
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former 350 with the center tap. Accordingly, when a real 
transformer is used, the NF value normally decreases about 
0.5 to 1.0 dB or so from the value shown in FIG.9A. 

FIG. 10 is a diagram showing a result of measuring the 
third order input intercept point (IIP3) characteristic of the 
SDTFD-LNA300 of the third embodiment through a simu 
lation. FIG. 10 also shows the IIP3 characteristic of the 
SDTFD-LNA 100 of the first embodiment. The horizontal 
axis represents a frequency (MHz), and the vertical axis rep 
resents an IIP3 (dBm). 

In the simulation for the IIP3 characteristic of the SDTFD 
LNA300, two tone signals having a power of -50 dBm at a 
frequency differing +10 kHz from a measured frequency 
were used. It becomes clear from the simulation result that the 
IIP3 is maintained to greater than or equal to +20 dBm up to 
100 MHz, but the IIP3 characteristic is greater than or equal to 
10 dBm lower than that of the SDTFD-LNA 100 of the first 
embodiment in a band from 30 to 200 MHZ. 

Unlike the basic type TFD differential amplifier, the 
SDTFD-LNA 300 of the third embodiment has non-sym 
metrical circuit forms, and has a function of converting a 
single-phase signal to a differential signal. Therefore, a mean 
ingful even-order distortion is present in an output signal. 
Thus, for the SDTFD-LNA300 of the third embodiment, the 
second order input intercept point (IIP2) characteristic 
thereof were simulated. 

FIG. 11 is a diagram showing the simulation result of the 
second order input intercept point (IIP2) characteristic of the 
SDTFD-LNA 300 of the third embodiment, and also shows 
the IIP2 characteristic of the SDTFD-LNA 100 of the first 
embodiment. The horizontal axis in FIG. 11 represents a 
frequency (MHz), and the vertical axis represents an IIP2 
(dBm). 

In the measurement simulation for the IIP2 characteristic, 
like the case where the IIP3 characteristic is measured, two 
tone signals having a power of -50 dBm at a frequency 
differing +10 kHz from a measured frequency were used. 
As shown in FIG. 11, the SDTFD-LNA 300 of the third 

embodiment maintains the IIP2 to greater than or equal to +40 
dBm up to 100 MHz. However, at aband from 10 MHz to 200 
MHz, the IIP2 characteristic is greater than or equal to 20 
dBm lower than that of the SDTFD-LNA 100 of the first 
embodiment. 
The high-frequency transformer with the centertap used as 

the transformer 350 in the SDTFD-LNA 300 of the third 
embodiment is a commercially available transformer sub 
jected to mass production, and can be easily obtained from the 
market. The SDTFD-LNA300 of the third embodiment used 
one high-frequency transformer W/center tap, and realizes a 
low noise amplifier having the same function as that of the 
basic type TFD differential amplifier 10. Therefore, a wide 
band low noise amplifier having a high dynamic range can be 
realized at low cost and with a smaller substrate or printed 
circuit board area using the SDTFD-LNA 300 of the third 
embodiment. 
The present invention can be applied to amplifiers used in 

a radio communication device, an ADC (Analog to Digital 
Converter), and the like which require a high dynamic range 
low noise amplifier. 

Various embodiments and changes may be made thereunto 
without departing from the broad spirit and scope of the 
invention. The above-described embodiments are intended to 
illustrate the present invention, not to limit the scope of the 
present invention. The scope of the present invention is shown 
by the attached claims rather than the embodiments. Various 
modifications made within the meaning of an equivalent of 
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the claims of the invention and within the claims are to be 
regarded to be in the scope of the present invention. 

This application is based on Japanese Patent Application 
No. 2008-021580 filed on Jan. 31, 2008 and including speci 
fication, claims, drawings and Summary. The disclosure of the 
above Japanese Patent Application is incorporated herein by 
reference in its entirety. 

What is claimed is: 
1. A differential amplifier comprising: 
a constant-current Source; 
a first amplification circuit which is connected to the con 

stant-current source, allows a current in accordance with 
an input signal input from a signal input terminal to flow 
to a first load, and provides a first output signal that is 
generated by the first load in accordance with the input 
signal to a first output terminal; 

a second amplification circuit which is connected to the 
constant-current source, allows a current having a mag 
nitude, acquired by Subtracting a current value flowing 
through the first load from a current value flowing 
through the constant-current value, to a second load, and 
provides a second output signal generated by the second 
load to a second output terminal; 

a transformer which has a primary winding and a second 
ary winding electromagnetically coupled to the primary 
winding, a hot side of the primary winding being con 
nected to the signal input terminal, a cold side of the 
primary winding being connected to the first amplifica 
tion circuit, the secondary Winding having a center tap to 
which a fixed potential is applied, a hot side of the 
secondary winding being connected to the second output 
terminal, and a cold side of the secondary winding being 
connected to the first output terminal; and 

a resistor connected between the first output terminal and 
the signal input terminal. 

2. The differential amplifier according to claim 1, wherein 
a first buffer is provided between the first load and the first 
output terminal, and a second buffer is provided between the 
second load and the second output terminal. 

3. The differential amplifier according to claim 1, wherein 
the first amplification circuit comprises: 

a first input stage transistor which has a control electrode 
and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
first conducting electrode being connected to the con 
stant-current Source, and the input signal being 
applied to the control electrode; and 

a first upper stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
second conducting electrode being connected to the 
first load, the first conducting electrode being con 
nected to the second conducting electrode of the first 
input stage transistor, so that the first upper stage 
transistor being connected to the first input stage tran 
sistor in a cascode connection manner, and 

the second amplification circuit comprises: 
a second input stage transistor which has a control elec 

trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
first conducting electrode being connected to the con 
stant-current source, and the control electrode being 
connected to a constant-voltage source; and 
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a second upper stage transistor which has a control elec 
trode and first and second conducting electrodes that 
change a conduction state by the control electrode, the 
second conducting electrode being connected to the sec 
ond load, the first conducting electrode being connected 
to the second conducting electrode of the second input 
stage transistor, so that the second upper stage transistor 
being connected to the second input stage transistor in a 
cascode connection manner. 

4. The differential amplifier according to claim 1, wherein 
the first amplification circuit and the second amplification 
circuit have a phase compensation network. 

5. The differential amplifier according to claim 1, wherein 
the phase compensation network comprises: 

10 
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a first phase compensation network connected to the first 

output terminal of the first amplification circuit and the 
control electrode of the first upper stage transistor; 

a second phase compensation network connected to the 
first output terminal of the first amplification circuit and 
the control electrode of the first input stage transistor; 
and 

a third phase compensation network connected to the sec 
ond output terminal of the second amplification circuit 
and the control electrode of the second upper stage tran 
sistor. 


